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Introduction
Child mortality rates due to malnutrition are approximately 860,000 children per year and of those cases 
50% feature unsafe water, inadequate sanitation, or insufficient hygiene as a cause of death (Prüss-Ustün et al. 
2008). Having insufficient sanitation facilities with poor hygiene behavior will likely result in diarrhea and other 
related illnesses. In other words, sanitation and hygiene are inseparable in terms of their impact on human health 
(Cairncross et al. 2010). Even where sanitation facilities are accessible, bacterial contamination on children’s hands 
occurs when handwashing practices are neglected (Greene et al. 2012). Therefore, the Sustainable Development 
Goals (SDGs) set Water Sanitation and Hygiene (WASH) as a key driver of progress on many SDGs, especially 
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child health and nutrition (IFPRI 2016). 
Handwashing is one of ways to lower the risk of diarrhea and acute respiratory infection (Rabie and Curtis 2006; 
Luby et al. 2010). Unfortunately, only 19% of all people worldwide practice handwashing after contact with feces 
(Freeman et al. 2014). It was estimated that 297,000 deaths from diseases could be prevented by the promotion 
of hand hygiene (Prüss-Ustün et al. 2014). Recent studies have found that adult handwashing skill and duration 
relates to total bacteria reduction (Lucet et al. 2002; Jensen et al. 2015). However, there are limited studies of this 
nature conducted in children which investigate potential contamination processes in the context of actual living 
conditions (Pickering et al. 2010). Our latest study revealed that inadequate handwashing skills among children 
was a contributing factor towards impaired growth (Otsuka et al. 2018b). 
Indonesia is one of developing countries dealing with water, sanitation, hygiene, and malnutrition problems 
(NIHRD 2013). Recently, urbanization has led to a proliferation of slum areas which suffer from insufficient 
sanitation infrastructure and poor access to clean water, bringing challenges to the practice of good hygiene 
behavior (Tarigan et al. 2015). It was shown by the National Survey from Indonesian Ministry of Health (NIHRD 
2013) that proper handwashing rates at critical times in Indonesia only reached 47% even though handwashing 
facilities were found to cover more than 90% of the population. School is a crucial institution for encouraging the 
development of healthy and hygienic behaviors using the bottom-up approach, through children (UNICEF 2012). 
Therefore, having insufficient sanitation and hygiene infrastructure at school can lead to a failure in the wider 
development of good hygiene practices and behaviors.
This study aimed to evaluate elementary school children’s awareness of handwashing skills based on WHO 
hand hygiene guidelines and their effectiveness in reducing total hand bacteria. We also aimed to analyze the 
relationship between handwashing skills and child nutritional status in an urban slum of Indonesia. 
1. Method 
1.1. Study area
The study area was selected purposively as one of the urban slum areas in Bandung city. Bandung city is the 
capital of West Java, Indonesia, with a total population of 2,490,622 registered residents (Badan Pusat Statistik 
Kota Bandung [BPS-Statistics of Bandung Municipality] 2017). We selected Bandung city because Bandung 
is currently facing issues related to environment and health. Bandung has challenges as a result from spatial 
and urban development. This is presenting problems including the proliferation of slum areas which suffer from 
limited sanitation, poor drinking water, inadequate solid waste management, and a lack of access to clean water 
(Tarigan et al. 2015). Kiaracondong, as the 3rd highest populated district area (Kecamatan) in Bandung city with 
total population of 132,135 (Badan Pusat Statistik Kota Bandung 2017), was selected as the study area. This area 
has one elementary school located within the slums, with improper sanitation facilities and handwashing station; 
this became the research site. Detailed information on this research location are provided elsewhere (Otsuka et al. 
2018a). The location of Kiaracondong, Bandung City, is indicated in Figure 1.
1.2. Study design and participants
This study collected data on children’s handwashing skills, total hand bacteria (before and after handwashing) 
and child anthropometry (weight and height). This was a cross-sectional study with a purposive sampling method. 
Participants were elementary school children in the 6th grade, ranging from 11 to 14 years of age. The 6th grade 
students in elementary schools were selected because of their ability to follow the study procedure. A total of 41 
elementary school children (24 boys and 17 girls) took part in this study. Their handwashing skills were observed 
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using a checklist modified from WHO guidelines on handwashing for healthcare. Socio-economic status was 
ascertained through household monthly income and the total number of family members living in the household. 
The information of the school handwashing facility was also collected as supplementary data. 
1.3. Procedure and measurements
Handwashing skill
Children were asked to perform their daily handwashing practice. All materials such as tap water, a water bucket 
with scoop, bar soap, liquid soap, and paper towels were provided by the researchers. The outer side of the liquid 
soap container and the bar of soap, as well as the inside of the bucket and scoop, were cleaned with water before 
performing handwashing but were not sterilized. We did not control either water temperature or water quality 
for handwashing and consider those as real conditions of the participants’ living environment. The handwashing 
checklist was based on a modification of the hand hygiene guidelines for health care from the WHO (Figure 2), as 
explained elsewhere (WHO 2009). We used the checklist for every step followed by children in their handwashing 
behavior and used this to provide a score (maximum of 10). The time duration (1st step, 3rd-8th step, and 9th step) 
for handwashing was measured using a stopwatch.
Total bacteria measurements
Hand bacteria were collected before and after handwashing using a wiping kit which contained a cotton swab 
and 10 mL of sterile phosphate buffered saline (PBS) in a test tube (Swab test ST-25PBS; Elmex, Japan). Before 
children demonstrated their handwashing skill, a cotton swab moistened with sterile PBS was rolled on the surface 
of the dominant hand of each child (i.e., palm, backside, and fingers). All samples were kept on ice and transported 
to a field laboratory within 4 hours after sampling. Total bacteria analysis was conducted at the Research Unit 
for Clean Technology (Loka Penelitian Teknologi Bersih: LPTB), the Indonesian Institute of Science (Lembaga 
Ilmu Pengetahuan Indonesia: LIPI), Bandung. Samples were processed in the laboratory by membrane filtration 
to detect E. coli. Under aseptic conditions, each sample (10 mL) was divided into low and high volumes (1.0 and 
Figure 1. Study site location, Kiaracondong, Bandung, Indonesia.
Study site: 
Kiaracondong
N
1:125,000
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9.0 mL, or 0.5, 1.0 and 8.5 mL), and passed through a 47-mm-diameter 0.45-μm cellulose filter. After filtration, 
the filter was placed on XM-G growth media (XM-G; Nissui Pharmaceutical Co., Japan) and incubated at 37°C 
for 20 ± 2h. The bacterial load on each media was read as colony forming unit (CFU) counts per hand. E. coli 
was determined by size and color of the colony (i.e., a blue and purple colony bigger than 1 mm). The E. coli 
bacteria count was converted to log CFU per hands. The changing of bacteria count was (the bacteria count before 
performed handwashing – the bacteria count after handwashing). The bacterial reduction was marked as positive 
results, while bacterial increased was marked as negative results.
Body measurements for nutritional status
Body weight and height for all children were measured to calculate their nutritional status. Height was measured 
to the nearest 0.1 cm using a stadiometer (Seca 213; Seca, Germany), and body weight to the nearest 0.1 kg using a 
digital weighing scale (BC-754-WH; Tanita, Japan). With reference to WHO growth data, for children above 5 years 
old and adolescents, child nutritional status is determined by using z-scores from height for age (HAZ), weight for age 
(WAZ), and BMI for age (BMIAZ) (De Onis et al. 2007). However, to have comprehensive result of all nutritional 
status category in the Indonesian context, we used the first Indonesian growth chart as standards from Batubara et al. 
(2006) to calculate z-scores. From this, we classified children based on categories such as a z-score of less than -2 
SD (Standard Deviation) as reflecting under-nutrition, between -2 SD until 2 SD as normal, and of more than 2 SD 
as over-nutrition. Z-score less than -2 SD of HAZ, WAZ and BMIAZ were used to indicate stunting, underweight, 
and thinness, respectively. In the other hand, z-score more than +2 SD for BMIAZ was used to indicate overweight.
1.4. Statistical analysis
First, we conducted descriptive analysis of mean values and percentages or prevalence. Second, Spearman rank 
correlation test was conducted between (1) time duration of handwashing and E. coli count after handwashing, and 
Figure 2. Modification of WHO guidelines on hand hygiene in health care. (WHO 2009)
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(2) handwashing score and E. coli count after handwashing. Third, comparisons analysis was done between (1) E. coli 
count before and after handwashing using paired t-test, and (2) child nutritional status and child handwashing skill (10 
steps) using t-test. All statistical analyses were performed using IBM SPSS 23 for Windows.
1.5. Ethical considerations 
This study was approved by the Ethical Review Committee of The Faculty of Health Sciences, Hokkaido 
University (No.17-13). This study was carried out under a Memorandum of Understanding (MoU) between the 
Research Institute for Humanity and Nature (RIHN) and the Indonesian Institute of Sciences (LIPI). All purposes 
and contents of this study were explained to participants. Parents allowed their children to participate in this study 
by replying with written informed consent.
2. Results
2.1. Characteristics of participants
Children were the 6th grade elementary school students with age ranging from 11 to 14 years. Ten percent of 
the children were more than 12 years of age while most were between 11 and 12 years. Those 73% of children 
lived in households with a monthly income of less than 2,000,000 rupiahs (139.02 USD) per month and 56% lived 
in as extended family (data not shown). Referring to the first Indonesian growth chart, overall child nutritional 
status fitted within the normal range for both male and female participants. Whereas based on their mean value, 
female children tended to have higher nutritional status than male children. Moreover, based on their prevalence, 
6% of underweight and 4% of overweight children were male (Table 1). In addition, we did not find a significant 
association of either child handwashing skills or nutritional status with socio-economic conditions.
Table 1. Participants characteristics.
Category Malen = 24
Female
n =17 WHO (2009)
Age 12.06 11.88
Height for age z-score (HAZ) -0.35 -0.02
Weight for age z-score (WAZ) -0.50 -0.30
BMI for age z-score (BMIAZ) -0.72 2.06
Prevalence of child thinness (%) 6.00 0.00
Prevalence of child overweight (%) 4.00 1.00
Before (log CFU/hand) 1.69 1.58
After (log CFU/hand) 1.23 0.99
Bacterial reduction  (log CFU/hand) 0.70 ± 0.45
0.65 ± 0.44 0.79 ± 0.48
Bacterial increase (log CFU/hand)  - 0.59 ± 0.38
 - 0.81 ± 0.45  - 0.38 ± 0.16
Handwashing score (step) 5.60 6.17 10
Total time of duration (sec.) 48.87 53.00 40-60
Time 1st step (sec.) 4.70 4.76 NA
Time 3rd-8th steps (sec.) 7.17 7.65 15-20
Time 9th step (sec.) 14.95 13.06 NA
This table was presenting as a mean value or percentage
Bacterial reduction is among children who had reduced E. coli count after handwashing n =35 (boys = 21; girls = 14)
Bacterial increase is among  children who had increased E. coli count after handwashing n = 6 (boys = 3; girls = 3)
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In general, children used 2 sites for handwashing at school: (1) in the bathroom using a water bucket and scoop, 
and (2) using tap water outside the bathroom, also without a sink. 1 sink that used to be a common handwashing 
site was found broken and lacking in maintenance. Obtaining clean water in the school was also difficult since 
we found the water pump was broken. Furthermore, 2 bathrooms that often have been used as a handwashing site 
were in poor condition. The bathrooms were also used by school security for washing clothes and dishes, thus 
became dirt and lacked space (Figure 3).
2.2. Child handwashing skills
Our results showed that children had greater skill in first 5 steps of handwashing, which is wetting hands before 
lathering up, until palm to palm with fingers interlaced. Skill then decreased sharply for the 3 later steps (Table 
2). Unfortunately, not all children could accomplish hand drying after rinsing their hands with water following 
lathering. Among the overall 10 steps of handwashing score, on average, children were aware of performing 6 
steps (Table 3). Children had different preference for tools and soap for handwashing. Regarding tool preferences, 
85% of the children chose tap water and 15% of the children chose a water bucket with scoop. Regarding soap 
preferences, 59% of the children chose bar soap while 39% chose liquid soap. However, their preference for tools 
or soap had no significant association with the E. coli count on hands after handwashing.
2.3. Handwashing time duration, E. coli count, and nutritional status
Our findings showed that a longer time duration for wetting hands with water before lathering (1st step) was 
significantly associated with lower E. coli count after handwashing (Table 3). Handwashing was proven to 
significantly change E. coli count on children’s hands (Figure 4), where the mean value of log E. coli count 
reduction is 0.70 log CFU/hand for participants who decreased the E. coli count. Unexpectedly, we found that in 
14.6% of the children handwashing increased the E. coli count. Such children were found to not perform the hand 
drying step and tended to dry their hands using their school uniform.
The difference mean value of child nutritional status such as HAZ, WAZ, and BMIAZ for children who performed 
and not performed hand drying after handwashing (Table 4). The children who dried their hands properly with a 
single clean paper towel after handwashing had a significantly higher nutritional status in terms of HAZ and WAZ 
than the children who skipped this step. A similar trend was indicated for BMIAZ but this was not significant.
Figure 3. Bathroom at school. (Taken by  the author)
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Handwashing step Observedn (%)
Not observed
n (%)
1st Step 37 (90) 4 (10)
2nd Step 39 (95) 2 (5)
3rd Step 37 (90) 4 (10)
4th Step 25 (61) 16 (39)
5th Step 23 (56) 18 (56)
6th Step 1 (2) 40 (98)
7th Step 2 (5) 39 (95)
8th Step 2 (5) 39 (95)
9th Step 41 (100) 0
10th Step 32 (78) 9 (22)
Table 2. Children handwashing step accomplice.
Table 3. Time allocation for handwashing practice and total bacteria after handwashing.
Table 4. Child nutritional status in relation to performing 10th step.
Figure 4. E. coli count on hand before and after handwashing for all children.
Outcome Variables Mean Correlation
E. coli count after handwashing
(log CFU/hand)
Time 1st step (sec.) 4.70  - 0.33*
Time 3rd - 8th step (sec.) 7.40 0.06
Time 9th step (sec.) 14.20 0.13
Total time duration (sec.) 50.60 -0.28
Handwashing score (step) 5.80 -0.15
*significant correlation by Spearman correlation test, p< 0.05
Outcome
10th Step
p-value
Observed Not observed
HAZ -0.03 -0.89 0.02
WAZ -0.24 -1.03 0.04
BMIAZ -0.50 -1.26 0.18
*significant difference by t-test, p< 0.05
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41
0.00
0.50
1.00
1.50
2.00
2.50
3.00
Participants ID*paired t-test p<0.05
Before After
log C
FU
/hand
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3. Discussion
3.1. Children’s handwashing skills
Our results showed that 90%, 61%, and 56% of the children were accomplished in handwashing skills from 
the 3rd until the 5th step, respectively. This then declined sharply through the 6th to the 8th step to 2%, 5%, and 
5% respectively (Table 2). A similar study conducted in medical staff (nurses, physicians and auxiliaries), found 
a similar pattern with greater handwashing skill in the initial steps, then decreasing for further steps to 70.6%, 
30.3%, and 40.9% (Arias et al. 2016). However, elementary school children in this study showed much lower 
overall levels of handwashing skill than those medical staff. This may be because elementary school children 
rarely perform this skill in their daily life due to forgetfulness or time lacking (Lopez-Quintero et al. 2009). This 
result showed that elementary school children’s awareness of handwashing steps is low and that handwashing 
guidelines from the WHO are not well implemented in elementary school children.
3.2. Children’s handwashing time duration and E. coli count 
Handwashing was proven effective in eliminating E. coli on hands (Figure 3) since in 85% of the children total 
bacteria were reduced after performing handwashing. We found that a longer total time duration to complete all 
steps of handwashing tended to produce larger reductions in E. coli count, although significant differences were 
not observed (Table 3). We found children typically spent less than 20 seconds on lathering (Table 3), lower than 
the time were found in a previous study (Jensen et al. 2017). Thus, it made bacteria reduction in this study also 
lower than that study. According to that study, 20 seconds spent on lathering using antimicrobial soap reduced 
the E. coli count on hands by 1.95 log CFU/hand. A similar study in school children revealed an E. coli count 
reduction of 0.66 log CFU/hand after rubbing hands with non-antimicrobial soap for 15 seconds (Pickering et 
al. 2010). Therefore, allocating sufficient time for handwashing using antimicrobial soap is necessary for greater 
bacteria reduction (Pickering et al. 2010).
Moreover, spending more time pouring water onto hands before applying soap and before lathering significantly 
lowered E. coli count after handwashing (Table 3). The mean value for this 1st step was 4.7 seconds in the current 
study, although there are no specific guidelines available. Considering this result, 39% of the children spent less 
than 5 seconds on pouring water and 10% of them skipped the 1st step and went directly to the 2nd step. In other 
words, children needed to spend more time pouring water to perform both wetting hands before handwashing, 
and rinsing hands after lathering, for further bacterial reduction. Therefore, children need to apply more water 
for a longer total duration of handwashing to prevent contamination exposure from fecal-hand or fecal-mouth 
transmission (Oswald et al. 2008). However, Bandung is even not facing water scarcity, but having problem with 
access to sufficient quantities of water (Marcotullio 2007). This matter also presents a challenge for children to 
perform through handwashing. 
3.3. Drying hands, E. coli count, and child nutritional status
Result showed 6 cases where children had increased E. coli count after handwashing (Figure 4). Those children 
were observed not performing 10th step correctly but they were drying their hands with their school uniforms 
(Table 2). The main possibility for the source of contamination is their school uniforms, which are exposed to 
bacteria while playing outdoors. A similar concern was found in a study of nursing students who had bacterial 
contamination during their shift in the hospital; not changing their uniform increased contamination (Callaghan 
1998). Furthermore, wet hands after insufficient drying can encourage bacteria to develop more rapidly after 
touch-contact bacterial transfer, even after handwashing (Huang et al. 2012). Therefore, hand drying should not 
be neglected as an integral step of handwashing (WHO 2009) and we suggest using a single clean paper towel to 
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dry hands for the most effective reduction of bacteria (Huang et al.2012). 
Moreover, children who were observed performing hand drying had better nutritional status in terms of HAZ 
and WAZ, but not in terms of BMIAZ (Table 4). Since children who failed to perform hand drying had fecal 
bacteria contamination on their hands, they also have a higher possibility of fecal oral transmission that leads 
to repeated gastroenteritis or severe diarrhea. Thus, it could cause nutrient malabsorption resulting in faltering 
growth (Korpe and Petri 2012). This finding is also in line with that of our previous study, where not performing 
hand drying significantly increased the risk of child stunting (Adjusted Odds Ratio (AOR): 2.37; 95% CI: 1.13-
4.96) (Otsuka et al. 2018b). Therefore, fully accomplished handwashing skills are entirely necessary to prevent 
bacteria transfer from hands which results in lower child nutritional status.
3.4. Limitations 
This study was conducted mainly through observation and direct assessment. It was able to address scientific 
questions in relation to handwashing skills, total E. coli count, and the nutritional status of elementary school 
children. However, there were some limitations to this study. First, as a cross-sectional study with a small sample 
size we could not determine causal relationships for all variables related to the study indicators. Second, we did 
not record children’s illnesses for previous years as a direct cause of lower child nutritional status. Despite this, 
we believe that further studies on hand hygiene and child nutritional status are potential fruitful research areas 
since handwashing is not only critical for healthcare workers but also for children. Further research with a larger 
sample size, using a longitudinal study design, and assessing children’s hygiene behavior, is needed to provide 
more robust data with regards to the importance of handwashing skills for child health. 
Conclusion
This study revealed that the available guidelines are not well understood or implemented. Factors that affect 
total bacteria reduction after handwashing are: (1) time duration for handwashing, especially for wetting hands 
before lathering; and (2) performing comprehensive handwashing skills including drying hands with a single 
paper towel. Although handwashing is not directly related to child nutritional status, improper hand drying which 
results in hand contamination may lead to a lowering of child nutritional status. 
Acknowledgements
This study was supported by “The Sanitation Value Chain: Designing Sanitation Systems as Eco-Community 
Value System” Project (Project Leader: Taro Yamauchi) of the Research Institute for Humanity and Nature (RIHN; 
Project No. 14200107). We conducted a collaborative study with the research unit of Clean Technology (LPTB) 
and the Indonesian Institute of Sciences (LIPI) of Bandung, under a Memorandum of Understanding (MoU) 
between the RIHN and the LIPI. We would like to thank all study participants, project team members, and all that 
supported our study.
References
Arias, A. V., Garcell, H. G., Ochoa, Y. R., Arias, K. F., and Miranda, F. R. 2016. Assessment of hand hygiene 
techniques using the World Health Organization’s six steps. Journal of Infection and Public Health 9(3): 366-
369. https://doi.org/10.1016/j.jiph.2015.11.006
 Sanitation Value Chain  Vol. 3 (01) pp. 013-023, 201922
Badan Pusat Statistik Kota Bandung [BPS-Statistics of Bandung Municipality] 2017. Kota Bandung Dalam Angka 
2017. (Bandung in Figures 2017.) Badan Pusat Statistik Kota Bandung, Bandung.
Batubara, J., Alisjahbana, A., Gerver-Jansen, A. J., Alisjahbana, B., Sadjimin, T., Tasli, Y., and Gerver, W. J. 2006. 
Growth diagrams of Indonesian children: The nationwide survey of 2005. Paediatrica Indonesiana 46(5-6): 
118-126.
Cairncross, S., Bartram, J., Cumming, O., and Brocklehurst, C. 2010. Hygiene, sanitation, and water: What needs 
to be done? PLoS Medicine 7(11): 1-7. https://doi.org/10.1371/journal.pmed.1000365
Callaghan, I. 1998. Bacterial contamination of nurses’ uniforms: a study. Nursing Standard 13(1): 37-42. https://
doi.org/10.7748/ns1998.09.13.1.37.c2525
De Onis, M., Onyango, A. W., Borghi, E., Siyam, A., Nishida, C., and Siekmann, J. 2007. Development of a WHO 
growth reference for school-aged children and adolescents. Bulletin of the World Health Organization 85(9): 
660-667. https://doi.org/10.2471/BLT.
Freeman, M. C., Stocks, M. E., Cumming, O., Jeandron, A., Higgins, J. P. T., Wolf, J., and Curtis, V. 2014. 
Systematic review: Hygiene and health: Systematic review of handwashing practices worldwide and update of 
health effects. Tropical Medicine and International Health 19(8): 906-916. https://doi.org/10.1111/tmi.12339
Greene, L. E., Freeman, M. C., Akoko, D., Saboori, S., Moe, C., and Rheingans, R. 2012. Impact of a school-
based hygiene promotion and sanitation intervention on pupil hand contamination in Western Kenya: A 
cluster randomized trial. The American Journal of Tropical Medicine and Hygiene 87(3): 385-393. https://doi.
org/10.4269/ajtmh.2012.11-0633
Huang, C., Ma, W., and Stack, S. 2012. The hygienic efficacy of different hand-drying methods: A review of the 
evidence. Mayo Clinic Proceedings 87(8): 791-798. https://doi.org/10.1016/j.mayocp.2012.02.019
Jensen, D. A., Danyluk, M. D., Harris, L. J., and Schaffner, D. W. 2015. Quantifying the effect of hand wash 
duration, soap use, ground beef debris, and drying methods on the removal of Enterobacter aerogenes on hands. 
Journal of Food Protection 78(4): 685-690. https://doi.org/10.4315/0362-028X.JFP-14-245
Jensen D. A., Macinga D. R., Shumaker D. J., Bellino R., Arbogast J. W. and Schaffner D. W. 2017. Quantifying 
the Effects of Water Temperature, Soap Volume, Lather Time, and Antimicrobial Soap as Variables in the 
Removal of Escherichia coli ATCC 11229 from Hands. Journal of Food Protection 80(6): 1022-1031. https://
doi.org/10.4315/0362-028X.JFP-16-370
Korpe, P. S., and Petri, W. A. 2012. Environmental enteropathy: Critical implications of a poorly understood 
condition. Trends in Molecular Medicine 18(6): 328-336. https://doi.org/10.1016/j.molmed.2012.04.007
Lopez-Quintero, C., Freeman, P., and Neumark, Y. 2009. Hand washing among school children in Bogotá, 
Colombia. American Journal of Public Health 99(1): 94-101. https://doi.org/10.2105/AJPH.2007.129759
Luby, S. P., Agboatwalla, M., and Painter, J. 2010. Effect of Intensive Handwashing Promotion on Childhood 
Diarrhea in High-Risk. Jama 291(21): 2547-2554. https://doi.org/10.1001/jama.291.21.2547
Lucet, J. C., Rigaud, M. P., Mentre, F., Kassis, N., Deblangy, C., Andremont, A., and Bouvet, E. 2002. Hand 
contamination before and after different hand hygiene techniques: A randomized clinical trial. Journal of 
Hospital Infection 50(4): 276-280. https://doi.org/10.1053/jhin.2002.1202
Marcotullio, P. J. 2007. Urban water-related environmental transitions in Southeast Asia. Sustainability Science 
2(1): 27-54. https://doi.org/10.1007/s11625-006-0019-0
NIHRD (National Institute of Health Research and Development) 2013. Basic Health Research (RISKESDAS) 
2013. Ministry of Health (Indonesia), Jakarta.
Oswald W. E., Hunter G. C., Lescano A. G., Cabrera L., Leontsini E., Pan W. K., Soldan V. P. and Gilman R. H. 2008. 
Direct observation of hygiene in a Peruvian shantytown: Not enough handwashing and too little water. Tropical 
 Sanitation Value Chain  Vol. 3 (01) pp. 013-023, 2019  23
Medicine and International Health 13(11): 1421-1428. https://doi.org/10.1111/j.1365-3156.2008.02177.x
Otsuka, Y., Ushijima, K., Ikemi, M., Nilawati, D., Sintawardani, N., and Yamauchi, T. 2018a. Mapping of Water, 
Sanitation, Hygiene and Child Health in an Urban Slum of Indonesia. Sanitation Value Chain 2(1): 27-37. http://
doi.org/10.20568/00002639
Otsuka, Y., Agestika, L., Widyarani, Sintawardani, N., and Yamauchi, T. 2018b. Risk Factors for Undernutrition 
and Diarrhea Prevalence in an Urban Slum in Indonesia: Focus on Water, Sanitation, and Hygiene. American 
Journal of Tropical Medicine and Hygiene 100(3): 727-732. https://doi.org/10.4269/ajtmh.18-0063 
Patrick, D. R., Findon, G., and Miller, T. E. 1997. Residual moisture determines the level of touch-contact-
associated bacterial transfer following hand washing. Epidemiology and Infection 119(3): 319-325. https://doi.
org/10.1017/S0950268897008261
Pickering, A. J., Boehm, A. B., Mwanjali, M., and Davis, J. 2010. Efficacy of waterless hand hygiene compared 
with handwashing with soap: A field study in Dar es Salaam, Tanzania. American Journal of Tropical Medicine 
and Hygiene 82(2): 270-278. https://doi.org/10.4269/ajtmh.2010.09-0220
Prüss-Ustün, A., Bartram, J., Clasen, T., Colford, J. M., Cumming, O., Curtis, V., and Cairncross, S. 2014. Burden 
of disease from inadequate water, sanitation and hygiene in low- and middle-income settings: A retrospective 
analysis of data from 145 countries. Tropical Medicine and International Health 19(8): 894-905. https://doi.
org/10.1111/tmi.12329
Prüss-Ustün, A., Bos, R., Gore, F., and Bartram, J. 2008. Safer water, better health: Costs, benefits and sustainability 
of interventions to protect and promote health. WHO, Geneva.
Rabie, T., and Curtis, V. 2006. Handwashing and risk of respiratory infections: A quantitative systematic review. 
Tropical Medicine and International Health 11(3): 258-267. https://doi.org/10.1111/j.1365-3156.2006.01568.x
IFPRI (International Food Policy Research Institute) 2016. Global Nutrition Report 2016: From Promise to 
Impact Ending Malnutrition by 2030 Summary. IFPRI, Washington DC.
Tarigan, A. K. M., Sagala, S., Samsura, D. A. A., Fiisabiilillah, D. F., Simarmata, H. A., and Nababan, M. 2015. 
Bandung City, Indonesia. Cities 50(February): 100-110. https://doi.org/10.1016/j.cities.2015.09.005
UNICEF (United Nations Children’s Fund) 2012. Water, Sanitation and Hygiene (WASH) in Schools: A companion 
to the Child Friendly Schools Manual. UNICEF, New York.
WHO (World Health Organization) 2009. WHO Guidelines on Hand Hygiene in Health Care: First Global Patient 
Safety Challenge Clean Care Is Safer Care. WHO, Switzerland.
